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1 Introduction 


Money illusion was banned from economists’ research agendas for decades, but has received 
renewed interest in recent years. The lack of interest in money illusion to late 1990s was driven 
by the view that it is incompatible with basic notions of optimization. To many economists, it 
seemed implausible that money illusion could have any economically significant effects, partic- 
ularly in high-stakes settings such as financial markets. Even today, economists largely ignore 
money illusion, devoting little attention to it in the training of economics students. The typical 
economics student is confronted with money illusion only once, in an introductory course where 
the assumption of its complete absence is introduced. This assumption is often introduced by a 
thought experiment: imagine your income doubles and all prices also double. Rational decision 
makers will not change their consumption or investment plans in such a situation. This thought 


experiment seem quite convincing to most economists but it is not to all regular people. ' 


Now consider a slightly different version of that thought experiment. Is a 2 percent nom- 
inal wage cut with no inflation worse than a 2 percent nominal wage increase with 4 percent 
inflation? Again, the answer given by those trained in economics differs from that given by 
members of the general public.’ Intuitions vary not only across groups that are more or less 
trained in economics, but also over time. For example, Irving Fisher (1928) devoted an entire 
book to the topic, and prior to the 1970s, economists regularly invoked money illusion as a 
plausible factor in economic behavior. But with the advent of the rational expectations revolu- 
tion in the 1970s, money illusion became anathema to economists. More recently, money illu- 
sion has received renewed interest, at least in some circles. Various papers have addressed the 
existence and potential consequences of money illusion, such as nominal inertia, coordination 
failure, and bubbles in financial and housing markets. Money illusion has also been appeared in 


works targeting general audiences. Akerlof and Shiller (2009, chap. 6), for example, write, 


Van Rooij, Lusardi, and Alessie (2011) find in a representative sample of the Dutch population that about 22 
percent of the respondents fail to correctly answer the following question (p. 452): “Suppose that in the year 
2010, your income has doubled and prices of all goods have doubled too. In 2010, how much will you be able 
to buy with your income?” 


Kahneman, Knetsch, and Thaler (1986) find that 62 percent of respondents judge a 7 percent nominal wage cut 
with no inflation as unfair but only 22 percent hold the same view of a 5 percent nominal increase with 12 
percent inflation. Similarly, Agell and Bennmarker (2003) find that Swedish human resource managers think 
94 percent of workers would find a 5 percent nominal wage cut at no inflation unacceptable, but that only 50 
percent would view a 5 percent wage increase with 10 percent inflation in the same way. 


“Money illusion is another cornerstone of our theory. The public is confused by inflation and 


deflation and does not reason through its effects.” 


A growing body of evidence from surveys (Shafir, Diamond, and Tversky 1997), eco- 
nomic experiments (Thaler et al. 1997; Fehr and Tyran 2001; 2005; 2007; 2008), and neurosci- 
ence studies (Weber et al. 2009) points to the existence of money illusion. A less settled question 
is whether money illusion affects high stakes issues of particular interest to economists, such as 
saving and investment decisions by individuals and households. There is some evidence that it 
does, both in housing (Genesove and Mayer 2001; Einiö, Kaustia, and Puttonen 2008, Brun- 
nermeier and Julliard 2008) and stock markets (Campbell and Vuolteenaho 2004; Cohen, Polk, 
and Vuolteenaho 2005; Schmeling and Schrimpf 2011). While there is a vibrant literature stud- 
ying household finance and the various biases that seem to plague such choices (Campbell 2006; 
Guiso and Sodini 2013; Andersen et al. 2015), we seem to be the first to address the issue of 


how money illusion shapes household finance. We proceed in four steps. 


First, we elicit individual-level money illusion in a quasi-representative sample of the 
adult population in Denmark. The measure we use, a money illusion index (MI index), is based 
on work by Shafir, Diamond, and Tversky (1997) and Weber et al. (2009), and elicits percep- 
tions of the advantageousness of housing transactions at different levels of inflation. The index 
is built on the intuition (see Benartzi and Thaler 1995) that money illusion has particularly 
strong effects under prospect theory (Kahneman and Tversky 1979). In the presence of inflation, 
money illusion can offer the illusion of certain gains, even when the underlying reality is a real 


loss. 


In the second step, we match the MI index with two sets of data. The first comprises 
various psychometric and experimental measures we elicit ourselves, including cognitive ability 
as measured by part of a standard IQ test (Liepmann et al. 2001) and cognitive reflection (Fred- 
erick 2005). The second set of data includes detailed financial and sociodemographic data from 
official Danish registers. The usual suspects like income and education are included, but what 
is crucial for our analysis is the inclusion of data on wealth. We have information on total assets 
and liabilities, as well as the allocation of assets to the major asset classes, including stocks, 
bonds, real estate, and bank deposits. We group these four classes into two broad categories, 
nominal assets and real assets. We define nominal assets, including bank deposits and bonds, 
as those that are defined in money terms, with a nominal face value and a nominal income 


stream. Real assets, including real estate and stocks, are defined as those that lack nominal face 


values and where income streams are tied to real economic variables such as real profit and the 
real value of imputed rents. Under normal conditions, nominal assets offer certain nominal gains 
(in the case of bonds, if held to maturity), but these apparent gains are sometimes real losses 
that are hidden by inflation. In contrast, fluctuations in market values of real assets frequently 
produce both nominal and real losses (whether realized or not). That is, nominal assets are 
nominally safe. As the name suggests, real estate is a real asset. However, the degree to which 
property owners observe nominal losses varies considerably by country. As we will show in 
detail, the Danish residential real estate market has long been characterized by high volatility, 


leading to frequent nominal losses and underscoring the “real” nature of real estate in Denmark.” 


In the third step, we estimate the relation between money illusion and shares of wealth 
invested in nominal and real assets. We focus on bank deposits and real estate because these are 
the two most relevant asset classes for households, both in the U.S. (see Campbell 2006; Guiso 
and Sodini 2013) and even more so in Denmark. In our sample, the average individual holds 56 
percent of his or her gross wealth in real estate and 35 percent in bank deposits. The remaining 


10 percent is divided between stocks (6 percent) and bonds (4 percent). 


We find that money illusion is strongly correlated with individual asset allocation. People 
with above-average money illusion invest on average 10 percentage points less in real assets 
than those below average (60 percent versus 70 percent). This difference is highly significant 
and of similar magnitude to the effect of above- vs. below-average education (11 percentage 
points). Regression analysis confirms the strength of the relation between money illusion and 
asset allocation, and demonstrates its robustness. An increase of one standard deviation in the 
MI index is equivalent to two to three fewer years of education or a reduction in annual income 
of about $10,000. Particularly remarkable is the finding that the MI index remains significantly 
correlated with the share invested in real assets in specifications including the length and type 
of education from register data, as well as our measures of cognitive ability and cognitive re- 
flection. Although the MI index is correlated with education and cognitive measures, it does not 


simply capture general cognitive ability or mathematical education, which have been shown to 


“Normal” conditions imply weakly positive nominal interest rates and, in the case of government bonds, the 
absence of default risk. 


In this respect, the Danish housing market differs markedly from the U.S. housing market prior to the Great 
Recession. Former Federal Reserve Chairman Alan Greenspan’s (2005) comment that, in the U.S., “nominal 
house prices in the aggregate have rarely fallen and certainly not by very much,” could not have been made in 
Denmark, even before the crisis. 


matter for household finance (see Lusardi and Mitchell 2014). Money illusion is clearly distinct 


from them. 


Our fourth step is to estimate the cost of money illusion. Using aggregate quarterly data 
for Denmark, covering the period 1992 to 2016 and the four major asset classes, we compute 
approximate returns based on asset allocation at the time of the experiment. For the high money 
illusion group, the estimated 10-year real return averages 73.3 percent, versus 83.5 percent for 


the low group, a cost of about 10 percentage points. 


Our study is closely related to the myopic loss aversion literature, and in particular to the 
seminal works by Benartzi and Thaler (1995) and Thaler et al. (1997), who propose myopic 
loss aversion as an explanation for the equity premium puzzle (Mehra and Prescott 1985), which 
refers to the inability of standard theory to explain the willingness of investors to hold bonds, 
when stocks have tended to offer much higher expected returns over typical investment hori- 
zons. The combination of loss aversion and narrow framing is central to this stream of literature, 
and these early contributions explicitly include money illusion. More recent literature, however, 
has tended to focus on narrow framing, both in terms of evaluation frequency (myopia) and in 
terms of evaluation of individual assets rather than integrated portfolios.’ This focus on narrow 
framing has led to the abstraction of money illusion from most of the recent literature.” We 
extend this literature in two ways. First, we move beyond stocks and bonds to include the assets 
that dominate individual and household portfolios, namely bank deposits and real estate. Sec- 
ond, we test whether a simple measure of money illusion “predicts” variation in household asset 


allocation. 


A key area where our study diverges from the myopic loss aversion literature is our focus 
on household finance rather than asset prices. In contrast to corporate finance and asset pricing, 
household finance as a standalone field is relatively new. In their review of the literature, Guiso 


and Sodini (2013) point to Campbell’s 2006 Presidential Address to the American Financial 


Gneezy and Potters (1997) and Gneezy, Kapteyn, and Potters (2003), for example, show that more frequent 
portfolio evaluations and more information decrease risk taking, while Barberis and Huang (2001) find that 
investors are averse to losses on individual stocks, rather than to losses on their overall portfolios. 


Barberis and Huang (2008) omit the discussion of money illusion and inflation in their literature review, 
focusing instead on loss aversion and narrow framing. An exception, however, is He and Zhou (2014), who 
show that money illusion reduces the equity premium, provided that the reference point is not linked to the 
risk-free rate of return. 


Association as the point when the term “household finance” was first used to refer to a distinct 
field. The field focuses on how households use financial markets to achieve their objectives, and 
although behavioral biases play a central role, money illusion has received almost no attention. 
For example, Guiso and Sodini (2013) discuss a number of behavioral biases that are relevant 
to household finance, but do not mention money illusion. Within the field of household finance, 
our study is related to the growing literature on financial literacy.’ Indeed, the RAND American 
Life Panel survey used in some of the first discussions of financial literacy within the economics 
literature includes a question on money illusion (see Lusardi and Mitchell 2007; 2009; 2014). 
However, responses to the RAND question are either right or wrong, so it is not well suited to 
measuring money illusion of the form suggested by Shafir, Diamond, and Tversky (1997). Our 
approach, in contrast, allows for variation between the extremes, including some degree of bias 
towards nominal representations among those who may be able to answer the RAND question 


correctly.” 


We proceed as follows. Section 2 explains how the interaction of money illusion and loss 
aversion biases investors towards nominal assets. Section 3 introduces our measure of money 


illusion and analyzes how it shapes household finance. Section 4 concludes. 


2 Money Illusion, Inflation, and Investment Decisions 


Money illusion implies that investors evaluate asset returns without fully accounting for infla- 
tion. In the presence of inflation, nominal and real returns will differ. If inflation is sufficiently 
high, real losses will become nominal gains. In an environment characterized by low inflation 
and sufficiently volatile stock and real estate prices, the combination of money illusion and loss 
aversion will bias investors away from stocks and real estate (real assets) and towards bank 
deposits and bonds (nominal assets). This may be the case even if nominal assets offer less 


attractive real returns, because real losses are obfuscated by inflation. 


7 The term “financial literacy” is also relatively new to the economics literature. It began to take off after an 


OECD (2005) report and gained further interest following then Federal Reserve Chairman Ben Bernanke’s 
(2006) Senate testimony on the topic. 


More than 60 percent of our participants exhibit some degree of money illusion, while nearly 81 percent of 
Lusardi and Mitchell’s (2007) participants correctly answer the RAND money illusion question (implying no 
money illusion). Both results are consistent with Shafir, Diamond, and Tversky (1997). In Problem 1, they find 
that 71 percent of participants can calculate correctly when economic terms are made salient, but 65 percent 
show bias in evaluations of well-being. Mees and Franses (2014) replicate these numbers for Chinese samples. 


Following Shafir, Diamond, and Tversky (1997), we define money illusion as a bias to- 
wards nominal representations, and not as thinking in purely nominal terms. We define prone- 
ness to money illusion as an individual-level parameter y; € [0, 1]. y; is the weight that indi- 
vidual i places on the nominal representation of a given gain or loss, leaving 1 — y; as the weight 
placed on the real representation, in both cases assuming a standard prospect theory value func- 
tion. A value of zero thus indicates the absence of money illusion, while a value of one indicates 
purely nominal thinking. In line with Shafir et al. (1997), we expect the majority of people to 


fall between the two extremes (see Online Appendix C for details). 


2.1 Inflation shapes Evaluations and Asset Choices 


Figure 1 illustrates the evaluation of a real reduction in wealth by loss averse individuals who 
differ in terms of money illusion, in different inflationary environments. The horizontal axis 
shows gains and losses, while the vertical axis shows values. The solid curve is a value function 
for an individual who is free of money illusion, with a reference point R°. The dashed curve 
is the same for an otherwise identical individual who is fully illuded, with the reference point 
RF. From the perspective of the illuded individual, nominal losses are to the left of R’ and 
nominal gains to the right. A fully illuded individual focuses entirely on nominal gains and 
losses, so a real loss that is hidden by inflation is coded as a gain rather than a loss.’ The refer- 
ence point for a fully illuded agent thus shifts to the left as inflation increases (note the distance 


between RM? and RF in A and B). 


The figure compares how a given real loss 7 is evaluated by an illusion-free agent (solid 
curve) and an illuded agent (dotted) at low and high inflation. To illustrate, consider a real loss 
¢ of 3 percent of some initial value. A non-illuded agent evaluates the loss at point a, independ- 
ent of whether inflation is high or low. But the valuation of the illuded agent varies with infla- 
tion. When inflation is low (2 percent, say), the illuded agent perceives the real loss as nominal 
loss of about 1 percent (¢ is to the left of RF in panel A). Now consider the same real loss 7 at 
high inflation (4 percent, say). The illuded agent perceives such a real loss as a nominal gain of 


approximately 1 percent and evaluates it positively (see point c in panel B). 


More precisely, a real rate of return equal to — Ee is the nominal break-even point, where z is the rate of 


inflation and az = eae for low rates of inflation. 


Figure 1: Effect of Inflation on Evaluations of Real Losses 


(A) Low Inflation (B) High Inflation 
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Notes: The figure shows evaluations of a real loss @ linked to an asset, in the extreme cases of no money illusion (y = 0, 
with a reference point RN°) and full money illusion, in the sense of thinking purely in nominal terms (y = 1, with a reference 
point RF). The evaluation of a real loss @ by an individual free of money illusion is represented by point a, with the real loss 
£ valued as vN°(/), irrespective of inflation. An investor who is fully prone to money illusion codes the same real loss as a 
loss if inflation is low (see point b), but as a gain if inflation is high (see point c). 

To summarize, inflation hides sufficiently small real losses from illuded investors, creat- 
ing the illusion of gains. Illuded investors therefore tend to view small losses more favorably 
than non-illuded investors do. Our money illusion index (to be explained in more detail in Sec- 
tion 3.2) measures the variation in evaluations of given real losses as inflation varies. More 
specifically, the index measures how individuals change their evaluations of a given loss as 


inflation changes, which allows us to measure susceptibility to money illusion. An individual 


whose evaluations differ at high versus low inflation (points c vs. b) exhibits money illusion.” 


Figure 2 illustrates that, in the presence of inflation, an illuded investor (Panel B) may 
prefer a nominal asset in a situation where a non-illuded investor (Panel A) prefers a real asset. 
For illustrative purposes, we consider two stylized assets, one real and the other nominal. The 
real asset is represented by circles and the nominal asset by squares. We consider a simple sit- 
uation in which each asset offers two possible returns that are equally likely. For the non-illuded 


investor, points a and b are return-value pairs for the real asset, and points c and d are the same 


Irving Fisher (1928, p. 7) illustrated this idea with reference to a shopkeeper who sold him a shirt for 150 marks 
in 1922 that she had bought for 100 marks a year earlier, while inflation in that year had been 67 percent. He 
said about the shopkeeper: “She had made no profit; she had made a loss. She thought she had made a profit 
only because she was deceived by the “Money Illusion.” In fact, as Fisher explains in Figure 1 (p. 9), the 
shopkeeper made a real loss of 10 marks which was masked by inflation as a nominal gain of 50 marks. 


for the nominal asset. The expected return-value pairs for the real and nominal assets are indi- 
cated by points e and f, respectively. Both assets may lead to losses, but the real asset offers a 


higher expected gain (e is to the right of f) and a higher expected value (e is above f). The 


non-illuded investor therefore prefers the real asset. 


Figure 2: Money Illusion determines the Asset Allocation 


(A) Non-illuded investor 
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(B) Illuded Investor 
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Notes: The figure shows evaluations of two stylized assets by two investors who differ only in the extent to which they are 
prone to money illusion. The assets include one that is a real asset (real and nominal losses may be realized) and one that is 
nominal asset (real losses may be realized, but will be hidden by inflation and appear as nominal gains). Panel A represents 
an investor who is free of money illusion (with a reference point R°), while panel B represents an investor who is fully 
illuded (with a reference point RF). For the non-illuded investor, points a and b are the potential returns and their associated 
values for the real asset, while points c and d are the same for the nominal asset. Assuming equal probability of either 
outcome, the expected return/value pair for the real asset is point e, and for the nominal asset it is point f. Since point e is 
higher than point f, the non-illuded investor would choose the real asset. Absent inflation, the choice of the fully illuded 
investor would be the same. Under low inflation, however, the return/value pairs for the fully illuded investor shift up to a’ 
and b’ for the real asset, and c’ and d’ for the nominal asset, with respective expectations e’ and f’. Since point f’ is higher 
than point e’, the fully illuded investor chooses the nominal asset. 


For the fully illuded investor, the same real gains or losses are associated with points a’ 
to d’ in panel B, and the same expected gains with points e’ and f’. Inflation shifts all of the 
points upwards, but the sizes of the shifts differ. The low outcome for the real asset remains to 
the left of RF, so is coded as a nominal loss. The low outcome for the nominal asset, however, 
is to the right of RF, so is coded as a nominal gain. The upward shift from c to c’ is much larger 
than the shift from a to a’. To the illuded investor, the expected value associated with the nom- 
inal asset is thus greater than the expected value associated with the real asset (point f’ is above 


point e’), because of the illusion of a certain gain. The illuded investor therefore prefers the 


nominal asset. 


In the example above, the fully illuded investor finds the nominal asset more attractive 
than the real asset because the real loss is obfuscated by (moderate) inflation (c’ versus c). How- 
ever, if inflation were sufficiently high to shift point a into the nominal gain domain, this reversal 
of rankings would once again be reversed. This simple example illustrates that, for prospect 
theory investors, the effect of money illusion on evaluations depends on the distributions of 


returns and on the rate of inflation. 


2.2 Nominal versus Real Assets 


We now consider nominal and real assets from an empirical perspective. Nominal assets, as the 
name suggests, are defined in money terms. A nominal asset has a nominal face value that is 
payable either on demand or at maturity, together with a nominal income stream that is also 
defined in money terms. Examples of nominal assets include cash, bank deposits and debt in- 
struments (bills, notes, and bonds). Real assets, in contrast, are linked to real economic varia- 
bles. They lack nominal face values, and the income streams are determined by the real value 
of goods and services produced. The most important real assets from the household perspective 
are real estate (primarily housing) and equities (stocks). Abstracting from speculation, the mar- 
ket price for real estate is determined primarily by the expected real value of the housing and 
business services it produces. Similarly for equities, the market price is determined primarily 
by the expected real value of the income stream a firm generates by producing and selling goods 


and services. 


The crucial difference between nominal and real assets as we define them is the way they 
interact with inflation. Barring exceptional circumstances such as uninsured bank failures and 
defaults, nominal assets allow investors to avoid nominal losses. In the absence of perfect price 
stability, they can nevertheless expose investors to real losses. In modern economies where pos- 
itive inflation is the norm, real losses may indeed be relatively common for certain nominal 
assets. While inflation perfectly hides real losses on nominal assets, it does not do the same for 
real assets. In an inflationary environment, real assets with sufficiently low volatility may appear 
to be relatively safe in nominal terms, but an increase in volatility or a reduction in inflation can 
rapidly change this perception. All else equal, the higher the rate of inflation, the more likely it 


is that real losses will be hidden. 


Figure 3: Annual Returns on Nominal versus Real Assets 1964-2015 


(A) Nominal 3-Month U.S. CD (B) Real 3-Month U.S. CD 
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Notes: The figure shows year-on-year returns for two selected assets, with monthly observations for the period from 1964 to 
2015. The upper panels, A and B, show returns for 3-Month certificates of deposit (CDs) in the United States using data 
from the OECD (2015), while the lower panels show the same for the S&P Composite, including dividends and capital gains 
or losses, using updated data from Shiller (2015). The left panels, A and C, show nominal returns, while the right panels, B 
and D, show real returns. Periods in which losses were realized are shaded. Since CDs are nominal assets, real losses are 
hidden by inflation, and hence nominal returns are positive. Equities, on the other hand, are real assets, so real losses are 
typically not hidden by inflation, especially when inflation is low. 

Figure 3 shows that bank deposits, more specifically U.S. certificates of deposit or CDs 
(OECD 2015), clearly exhibit the properties of a nominal asset, while equities, represented by 
the U.S. S&P Composite (Shiller 2015), clearly exhibit the properties of a real asset. The figure 
shows nominal (left panels) and real (right) year-on-year returns, using monthly observations 
from 1964 to 2015. Periods with negative returns are shaded in grey. Panel A shows that CDs 


always offer positive nominal returns, so are nominally safe. Real returns in Panel B, however, 


10 


are often negative for extended periods of time, so this protection from losses is an illusion. In 
contrast, equities are nominally risky (see Panel C), with real losses typically not hidden by 
inflation (Panel D). During the 1970s and early 1980s, when inflation was particularly high in 
the U.S., there was some divergence in the sign of the nominal and real returns. In most other 


periods, however, real losses were not hidden. 


While equity returns are typically volatile enough to produce real losses, even in periods 
of relatively high inflation, the same is not always true of house prices. The lower volatility of 
house prices means that in countries with moderately high inflation, real losses on housing are 
often hidden. Assuming that the distribution of money illusion within the population is similar 
across countries, we should therefore expect to see higher homeownership rates in countries 
where inflation has tended to be higher, house prices have tended to be less volatile, or both. In 


looking at a selection of OECD countries, this is exactly what we find. 


Figure 4 plots average homeownership rates in a selection of OECD countries at the end 
of the 20th century, and the percentage of quarters during the preceding quarter century in 
which nominal house prices fell year-on-year. In terms of money illusion, the figure shows two 
important things. First, countries that experienced more frequent nominal house price declines 
in the last quarter of the 20th century tended to have lower homeownership rates at the end of 
the century. Second, it shows that nominal house price declines were relatively common in 
Denmark, relative to other OECD countries, occurring in 31 percent of observations, and that 
the homeownership rate in Denmark at the end of the period, about 50 percent, was one of the 
lowest in the OECD. The reason for this high incidence of nominal losses in Denmark is a 


combination of low inflation (about 5 percent) and high variability of nominal house prices." 


11 


Denmark experienced high inflation in the 1970s, but a fixed exchange rate policy was adopted in 1982. The 
Danish crown was pegged to the German mark, with stabilization of the exchange rate by 1987. The peg was 
accompanied by convergence of Danish inflation to the lower German levels by the end of the 1980s, and was 
converted to a euro peg in 1999 (Danmarks Nationalbank 2009). 
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Figure 4: Nominal Losses and Homeownership in Selected OECD Countries 
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Notes: Homeownership rates are from Andrews and Caldera Sanchez (2011), and are for 2004, with the exception 
of Belgium, France, and Ireland, where they are for 2000, and the Netherlands, where they are for 1999. Quarters 
with year-on-year nominal price increases are computed from the house price data set described in Mack and Mar- 
tinez-Garcia (2011). The line is an OLS estimate, using robust standard errors, with @ = 79.80 (p = 0.000), p= 
—0.84 (p = 0.002), and R? = 0.49. The figure includes the 15 OECD countries that are available in both data sets. 

The cross-country correlation shown in Figure 4 is consistent with our account of how 
money illusion biases investment decisions. Investors seem to find housing less attractive in 
countries where it is subject to frequent nominal losses.” Needless to say, this correlation says 
nothing about causality. There are a variety of reasons why higher inflation might drive higher 
homeownership rates. Malmendier and Nagel (2016), for example, show that more extended 
experience with inflation increases inflation expectations. For investors who are not fully il- 
luded, the expectation of higher inflation makes nominal assets less attractive, and borrowing 
more attractive (higher expected inflation reduces the real interest rate associated with any given 
nominal interest rate). By extension, real assets become relatively more attractive. In our em- 
pirical analysis, we shed light on this issue by comparing asset allocation across individuals 


within one country (Denmark), and include controls for experienced inflation, along with many 


other relevant factors. 


Remarkably, the relation between homeownership and real losses is much weaker. See Online Appendix D. 
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3 Empirical Analysis 


To investigate the role of money illusion in household finance, we match a measure of money 
illusion (the MI index) elicited from a quasi-representative sample of the Danish population 
with a rich set of anonymized financial and socioeconomic register data.” We estimate the re- 
lation between our MI index and the share of total gross wealth invested in real assets (which 
we call the real asset share, or RA share). We find that people who are prone to money illusion 
(high MI index) tend to hold more nominal assets (low RA share). We further find that the MI 
index has greater predictive power than any of the other relevant measures and socioeconomics 
from our rich data set, with the exceptions of income and wealth." The MI index outperforms 
general cognitive measures that might be expected to predict asset allocation ability. Strikingly, 


it also has better predictive power than official register data on the level and type of education. 


The analysis is structured as follows. Section 3.1 describes the sampling and register 
data. We describe the population from which participants were recruited and the relevant finan- 
cial, sociodemographic, and psychometric measures in our data set. Section 3.2 describes our 
survey and the resulting money illusion (MI) index. Section 3.3 investigates how the share in- 
vested in nominal vs. real assets relates to the MI index, and Section 3.3 estimates the cost to 


investors of being prone to money illusion. 


3.1 Data 


Our data set combines register data provided by the Danish statistical bureau (Statistics Den- 
mark) with survey and incentivized behavioral data elicited through the internet Laboratory for 
Experimental Economics (iLEE). See http://www.econ.ku.dk/cee/ilee/ or Thöni, Tyran, and 
Wengstrom (2012) for a description of iLEE. We use data from 733 participants recruited from 
a random sample of 40,000 Danes aged 19-82, for whom we have detailed matched financial 


and sociodemographic data from official registers.” 


The matching was carried out under strict confidentiality by Statistics Denmark, the national statistical bureau 
in Denmark. Participant identities were validated, but all participants in our study remain completely anony- 
mous to us. 


Income refers to non-capital income, so can be viewed as exogenous to asset allocation. Wealth, however, is 
influenced by asset allocation, so the direction of any effect is ambiguous. 


The population our sample was drawn from includes the entire population of Denmark aged 18 to 80 in 2007, 
excluding about 12 percent who had opted out of scientific research (for details see Statistics Denmark 2008). 
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The key variables from official registers include assets and liabilities, both total values 
and subtotals for major classes, the length and type of education (see OECD et al. 2015), expe- 
rienced inflation, income, age, occupational skill level, and public or private sector employment. 
In addition, we include standard socioeconomic controls for gender, marital status, and the num- 
ber of children. The measures we elicit through iLEE include cognitive measures, incentivized 
measures of risk and loss aversion and a standard personality test. The cognitive measures are 
the Matrices subtest (IST-M) of the IST-R 2000 test described in Liepmann et al. (2001), and 
Frederick’s (2005) cognitive reflection test. The behavioral measures of risk and loss aversion 
we elicit are lottery tasks based on Tanaka, Camerer, and Nguyen (2010). The personality test 
is the Big Five Inventory described in Costa and McCrae (1992). 


Our primary independent variable is an individual-level money illusion (MI) index, which 
we elicit using a survey instrument based on Shafir, Diamond, and Tversky (1997) and Weber 
et al. (2009). Our other key variable is the real asset (RA) share, which is the share of an indi- 
vidual’s total gross wealth that is invested in real assets. The RA share is computed from high- 
quality register data on asset holdings, which includes total assets, as well as assets in each 


major class, namely bank deposits, bonds, real estate and equities. 


Participants were recruited by Statistics Denmark, which sent letters to addresses of indi- 
viduals who had participated in iLEE during previous waves of experiments (the participants 
for the first wave were recruited from the random sample). Each letter contained a login code 
for the iLEE website. No information linking login codes to the names and addresses of recipi- 
ents of invitation letters was shared with us at any time. After the experiment was completed, 
the data set was delivered to Statistics Denmark, where it was merged with the participants’ 
anonymized register data. Any potentially identifying information was removed from the ex- 
perimental data set prior to delivery, and in the merged data set, Statistics Denmark replaced 


login codes with randomly generated identifiers. 


We elicited money illusion from a total of 751 participants. Of these, 733 (97.6 percent) 
passed validation checks, which entailed comparing self-reported age and gender with the anon- 
ymized register data. Participants were told that their invitations were personal and not to be 
passed on to others, such as a spouse, child, or friend. At the same time, they were not told that 
we had access to their register data and could thereby validate their details. We are therefore 
confident that the 733 validated participants were indeed the intended recipients, and hence that 


the register data are correctly matched. 
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Table | gives an overview of the participants and the randomly drawn pool of 40,000 from 
which they were recruited. Our sample is well-balanced by gender (51 percent female), and the 
average participant is middle-aged (49.3 years). Participants are also moderately well educated 
(13.6 years of education), with an average gross non-capital income of kr. 321.3 thousand (about 
$62 thousand at the time), gross assets of kr. 1,219 thousand (about $234 thousand), excluding 
pensions, and net worth of kr. 571.2 thousand (about $110 thousand). 


The major components of the average portfolio are real estate (56 percent) and bank de- 
posits (35 percent), while stocks and bonds represent less than 6 percent and 4 percent, respec- 
tively. In fact, the median person in our sample owns a house, but does not hold any stocks or 
bonds. The distribution of assets across wealth quartiles can be characterized as follows. The 
people in the bottom quartile of the income distribution hold their wealth almost exclusively 
(about 89 percent) in bank deposits. In the next quartile, people allocate a small proportion of 
wealth to stocks (about 9 percent) and bonds (about 4 percent), but the majority (about 58 per- 
cent) goes into real estate, with the rest (28 percent) in bank deposits. People in the quartile just 
above the median put the bulk of their wealth (about 86 percent) into real estate, with most of 
the rest (about 10 percent) in bank deposits. The percentages in real estate (about 78 percent) 
and bank deposits (about 13 percent) are similar for the top quartile. There is only a small shift 
from real estate to stocks and bonds towards the top. This pattern is by no means unique to 
Denmark. The dominant role of real estate in particular corresponds to findings reported by 


Campbell (2006) for the U.S, where homeownership is more widespread than in Denmark." 


° Campbell (2006) uses data from the Survey of Consumer Finances in the U.S. which includes vehicles and 


private business. The overall pattern is similar, but vehicles are important at the low end of the distribution, 
real estate overtakes bank deposits sooner, and real estate is overtaken by stocks for roughly the top 5%. 
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Table 1: Descriptive Statistics for Participants and Population 


Our sample (N = 733) Danish population 
Average SD Average SD 
Age (years) 49.3 14.0 49.8 16.3 
Female (%) 51.0 50.5 
Public sector (%) 33.3 22.8 
Self-employed (%) 4.9 4.5 
Student (%) 9.5 6.9 
Retired (%) 18.8 27.5 
Education 
Length (years) 13.6 2.4 12.2 2.9 
Long tertiary (%) 42.1 25.7 
STEM (%) 21.3 19.8 
Occupational skill 
High- (%) 22.7 12.8 
Medium- (%) 25.2 14.1 
Low-/Other (%) 52.1 73.0 
Income (thousand kr.) 321.3 177.4 263.6 186.5 
Assets (thousand kr.) 1,219.0 1,798.9 1,044.6 4,152.1 
Liabilities (thousand kr.) 647.8 1,167.4 582.3 1,840.3 
Asset Shares 
Bank deposits (%) 34.5 39.5 46.5 44.4 
Bonds (%) 3.6 12.1 2.7 10.9 
Real estate (%) 55.9 42.9 47.1 45.1 
Stocks (%) 5.8 15.3 3.6 12.6 
Real asset (RA) share (%) 61.9 40.3 50.8 44.4 


Notes: Data in column “Danish population” is calculated from a sample of 40,000 individuals randomly drawn from the adult 
Danish population aged 19-82. Education length is the standard number of years required for an individual’s completed 
education. Long tertiary includes ISCED levels 6 and above, which covers bachelor, master, and doctoral studies. STEM 
refers to science, technology, engineering, and mathematics education, using ISCED field classifications. Occupational skill 
is based on ISCO-88/DISCO-88 classifications. Income is gross non-capital income, comprising income from salaries, pen- 
sions, and benefits. Assets is total gross financial and real estate assets, including bank deposits, bonds, real estate, and equi- 
ties. Liabilities is total gross liabilities, including bank loans and mortgages. Real asset share is total assets less bank deposits 
and bonds. For financial figures, kr. indicates Danish crowns. 


Overall, our sample is very heterogeneous and is highly representative of the Danish pop- 
ulation in some dimensions (e.g. age, gender), but with notable differences in others. In partic- 
ular, our participants tend to have higher education and skill levels, are more likely to work in 


the public sector, and are less likely to be retired. In addition, participants tend to have higher 
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incomes, more assets, more liabilities, and to hold more of their gross assets in real estate, bonds 
and stocks than the average Dane. These differences arise because of selective participation and 


attrition across waves in iLEE. 


The differences between our sample and the adult Danish population are relatively small 
and are not problematic, because our aim is not to draw inferences about the average level of 
money illusion in the Danish population. Our interest is rather in difference between individuals 
with high and low money illusion. For this analysis, what is required is heterogeneity, and it is 
clear from the descriptive statistics in Table | that our sample is very heterogeneous. If anything, 
our results may understate the extent and of money illusion in the population. The reason is that 
better educated and higher-income individuals tend to be less prone to money illusion (see 
Online Appendix A for details). Our estimates for the effects of money illusion on household 


finance may therefore be thought of as a lower bound for the effects in the general population. 


3.2 Money Illusion Index 


The money illusion index is generated using a series of hypothetical questions. We present each 
participant with eight housing questions, each of which asks the participant to evaluate the ad- 
vantageousness of a hypothetical purchase and sale of a house. The eight questions come in four 
pairs. In each pair, the transaction results in a real loss, but because inflation is different across 
the two scenarios, the transaction comes with a nominal gain in one case and with a nominal 
loss in the other. The MI index is the average difference between the evaluations in the high- 
and low-inflation variants. This measure captures the effect of inflation in perceptions of how 


5 + 17 
attractive an asset 1s. 


Table 2 shows the parameters for the housing scenarios. All four real scenarios involve 
real losses, but each loss is presented in a low inflation (Low) and a high inflation (High) variant. 
In the Low variant, the real loss is also a nominal loss. In the High variant, the accumulated 
inflation is sufficient to obfuscate the real loss and transform it into a nominal gain. A person 
prone to money illusion will provide different evaluations under different inflationary conditions 
(better when inflation is high), whereas a person free of money illusion will provide the same 


answer under both conditions (see Figure 1). 


" Participants were allowed to spend as much time answering the questions as they liked, and since they took 


part over the internet, they were not constrained in terms of aids. 
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Table 2: Parameters for Housing Scenarios 


Mihi Inflation Sale price Ce eee (%) Inflation Real loss 
1 Low 1,979,600 —20,400 —1.0% 1.0% —2.0% 
1 High 2,175,600 175,600 8.8% 11.0% —2.0% 
2 Low 1,958,400 —41,600 —2.1% 2.0% —4.0% 
2 High 2,515,200 515,200 25.8% 31.0% —4.0% 
3 Low 1,858,400 —141,600 —7.1% 1.0% —8.0% 
3 High 2,355,200 355,200 17.8% 28.0% —8.0% 
4 Low 1,754,400 —245,600 —12.3% 2.0%  -—14.0% 
4 High 2,373,600 373,600 18.7% 38.0% —14.0% 


Note: The purchase price in all cases is 2,000,000 Danish crowns. 


Each question includes a purchase price, sale price, nominal gain or loss in money and 
percentage terms, and a given amount of accumulated inflation over the holding period. Evalu- 
ations range from 1 to 15, where 1 is labelled “Not at all advantageous” and 15 is labelled “Very 
advantageous.” Given that our interest is perceptions of inflation, participants received a flat 
participation fee rather than a piece rate for “correct” answers. An important aspect of the design 
of the index is that it isolates the differences, if any, in evaluations that are caused by exogenous 
variation of the inflation framing. For that reason, it does not conflate individual tastes for hous- 


ing with the effect of inflation. 


Figure 5 shows a histogram of the money illusion (MI) index, computed for the N = 733 
validated participants. The index is clearly skewed to the right, consistent with the hypothesis 
of bias towards nominal representations. At the same time, there is considerable heterogeneity. 
About 17 percent of participants show behavior consistent with no money illusion, with an in- 
dex of precisely zero. Another 10 percent have index values below zero, with most of them 
clustered relatively close to it, perhaps reflecting some noise around the rational choice. Assum- 
ing symmetrical noise around zero, about 38 percent of participants behave in a way that is 
consistent with no money illusion. The other 62 percent, however, show bias that is consistent 
with money illusion. The average index of 0.24 is highly significantly above zero, as predicted 


by the presence of money illusion.” 
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A t-test rejects the null of a zero mean for the index with t = 23.7 (p = 0.000) and a 95 percent confidence 
interval of [0.220, 0.261]. A Schlag (2008) exact test confirms the parametric results, with highly significant 
evidence of a positive mean (p = 0.000) and a 95 percent confidence interval of [0.211, 0.270], with 6 = 0.2. 
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Figure 5: Money Illusion Index 
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Notes: The figure shows the distribution of the money illusion (MI) index, the average difference between eval- 

uations of identical real losses when inflation is low, so they are also nominal losses, and when it is high enough 

to transform them into nominal gains. For an individual who is not prone to money illusion, the expected value 

is zero. The positive skewness indicates systematically higher evaluations in the nominal gain treatment, which 

is consistent with money illusion. 

We now briefly discuss some correlates of the MI index (for a detailed discussion, see 
Stephens and Tyran 2012 and Online Appendix A). Regression analysis shows that the MI index 
is negatively related to being a student, to the score on the cognitive reflection test, and to years 
of education. Students are clearly less prone to money illusion than other participants. The av- 
erage index for the 70 students in our sample is only about half (0.12 vs. 0.25) of what it is for 
the 663 non-students.” The MI index is not, however, robustly related to a more general measure 
of intelligence or to STEM (science, technology, engineering, and mathematics) education.” 


Nor is it significantly related to age or experienced inflation. We find evidence that money illu- 


sion is negatively correlated with income and with skill level. 


This difference is highly significant according to both a t-test (p = 0.000) assuming unequal variance and a 
Wilcoxon Mann-Whitney U-test (p = 0.000). It remains highly significant in OLS regressions, and indeed the 
effect becomes even stronger when sociodemographic controls are included. 


* See Online Appendix A for OLS and Tobit regressions of the MI index on relevant covariates. 
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3.3 Correlates of the Real Asset (RA) Share 


We now discuss correlates of the real asset (RA) share (see Online Appendix B for details), 
defined as 


Bank Deposits + Bonds 


Real Asset Share = 1 — 
Total Assets 


where all assets refer to gross values (e.g. a negative bank balance implies an asset value of 


zero, with the debt classified as a liability, and debts are not subtracted from total assets). 


We focus below on the relation between the MI index and RA share because our hypoth- 
esis is that money illusion makes nominal assets more attractive to loss averse investors and, 
conversely, makes real assets less attractive (see Section 2 for explanations). We define nominal 
assets as those that preclude nominal losses, while real assets are those that do not, because 
returns are (at least in theory) based on real rather than nominal variables. Note that this defini- 
tion differs from standard definitions of nominal assets.” Increasing the real asset share requires 
some deliberate action. The reason is that income from wages, pensions, and benefits is paid 


into bank accounts. Therefore bank deposits, a nominal asset, are effectively the default asset. 


As shown in Table 1, Danish household portfolios are dominated by real estate and bank 
deposits, with stocks and bonds together representing less than 10 percent of total gross assets 
for the average individual. As a result, an analysis including only real estate and bank deposits 
yields similar results to one that includes all of the major asset classes. Given that our focus is 
household finance in general, we nevertheless include stocks and bonds in our analysis, hence 
the RA share is the obvious variable to focus on. Table 1 shows that the RA share is about 62 


percent in our sample (51 percent for the population). 


We begin our analysis of the relationship between money illusion and the RA share by 
looking at the average RA share for participants with high and low levels of money illusion, 
using a median split of the MI index. We compare the difference between groups with similar 
differences for high and low levels of education, experienced inflation, income, and other rele- 


vant variables. 


* The standard corporate finance literature (see Hurwicz 1946 for an early example) equates “real” assets with 


physical assets such as real estate and commodities (also “real” under our definition), contrasted with “‘finan- 
cial” assets such as stocks (which we call “real’’), bonds, and bank deposits (which we both call “nominal’”). 
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Figure 6: Real Asset Share (RA) by Key Characteristics 


0.157" 
85 0.17%" 


= 660) 


Real Asset Share (N 


Money Education STEM Experienced Income 
Illusion (years) Education Inflation (DKK) 


[| Low Œ High 


Notes: The bars show the Real Asset Share (RA) by key characteristics. “STEM Education” is a dummy set to 1 if a partic- 
ipant completed an education in a STEM (science, technology, engineering, and mathematics) field and zero otherwise. 
Other variables are split at the medians, with Low vs. High referring to the lower vs. upper halves of the distributions. 
Whiskers show 95% confidence intervals for the means. The numbers above the bars are the differences between the High 
and Low groups. Significance at 10% is denoted by *, at 5% by **, and at 1% by ***, based on a two-sided t-tests. A 


66? 


superscript “u” indicates that the test was run without the assumption of equal variance, because a test for equality of variance 
was rejected. 

Figure 6 shows that the MI index has a similar effect on the RA share to education and 
experienced inflation. The two leftmost bars show that people who are strongly prone to money 
illusion are less likely to hold real assets. In particular, we find that participants with a high MI 
index (those above the median) have an RA share that is 10 percentage points lower than those 
with a low MI index, and this difference is highly significant (p < 0.001).” The rightmost bars 
show, perhaps unsurprisingly, that the RA share reacts strongly to differences in income (17 
percentage points). We also obtain highly significant results for years of education and for 
whether a participant has completed a STEM education. In addition, we find that those who 


experienced higher inflation throughout their lifetimes invest a higher share of their portfolios 


? The p-value is below 0.001 using either a two-sided t-test assuming unequal variance or a Wilcoxon Mann- 


Whitney U-test. 
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in real assets, perhaps because the experience of higher inflation in the past leads to the expec- 


tation of higher inflation in the future, as argued by Malmendier and Nagel (2016).” 


We do not find effects for differences in cognitive ability and cognitive reflection on the 
RA share (see Online Appendix B for insignificant correlates). This result is surprising in the 
light of studies showing a positive relation between cognitive ability and financial choices (e.g. 
Choi et al. 2014, Grinblatt, Keloharju, and Linnainmaa 2011). However, the result also suggests 
that the MI index is not simply a proxy for cognitive ability. We also find no significant corre- 
lation between the risk and loss aversion measures and the RA share. This lack of a relation is 
consistent with the view that money illusion plays a distinct role in household financial deci- 


sions, and suggests that the MI index is not simply a proxy for general risk or loss aversion. 


3.4 Zero-One Inflated Beta Model 


To investigate the relation between the real asset (RA) share and the money illusion (MI) index, 
controlling for many relevant characteristics, we use the zero-one inflated beta (ZOIB) model 
developed by Cook, Kieschnick, and McCullough (2008).” The reasons for using ZOIB are 
twofold. First, the RA share is a proportion, defined on the interval [0, 1]. The conditional ex- 
pectation therefore cannot be a linear function of the explanatory variables, and the conditional 
variance is a function of the conditional mean. Second, the decision to hold real assets at all is 
qualitatively different from the choice of the proportion of total gross assets to allocate to them. 
The RA share is therefore best described as a mixed discrete-continuous variable, with the dis- 
crete and continuous outcomes reflecting different decisions. These decisions may be generated 
by different processes, and related to the explanatory variables in different ways. The ZOIB 


approach takes these characteristics into account. 


The following descriptives on the RA share make clear that using ZOIB is appropriate. 


The distribution of the RA share is bimodal with peaks at zero and close to one.” About 18.6 


We use the geometric average rate of inflation over a subject’s life, which assigns equal weight to all years, 
because the current portfolio also reflects decisions made over many years. 


We use the Stata implementation of ZOIB developed by Buis (2012). Supplementary results from the ZOIB 
regressions, as well as OLS regression, are in Online Appendix B. 


For both participants and the pool from which they were recruited, we focus on non-students. Students tend to 
be highly able, but typically have little wealth and low incomes. 
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percent of participants have RA shares of zero and the corresponding share for the population 
is about 33.6 percent. There is also positive mass at exactly one, but it is small among both 
participants and the population (1.8 and 5.0 percent, respectively). However, the mass very 
close to one is considerable. For example, about 10.2 percent of participants have RA shares 
above 0.99 and nearly a third, 31.2 percent, have RA shares above 0.95. The corresponding 
figures for the population are similar, at 10.1 percent and 28.0 percent, respectively. Individuals 
with RA shares close to one invest almost all of their wealth in real assets, but maintain small 


bank balances to cover expenses. In general, they hold nearly all of their wealth in real estate. 


The mass at an RA share of zero is not surprising. As noted previously, bank deposits are 
effectively the default asset. Investing in any other asset requires a deliberate decision to move 
wealth out of the default asset, followed by a choice of how much to allocate to each asset. The 
fact that the mass at zero is larger in the population than in our sample is explained by the fact 
that our participants are better educated and richer than the average Dane. As a result, they are 


more likely to have made the decision to move some of their wealth out of the default asset. 


For participant i, the dependent variable in the ZOIB model is the RA share y; € [0, 1], 
with a vector of independent variables x;. The model combines logit estimates for probabilities 
of zero and one with a two-parameter beta function for the region in between. The probability 
of acquiring any real assets (real estate or stocks) is C(a@'x;), where C is the cumulative logistic 
function. Conditional on acquisition, the individual chooses a real asset share y; € (0, 1], leav- 
ing the remaining share 1 — y; in nominal assets. With conditional probability C(y’x;), an indi- 


vidual who holds real assets exhausts all nominal assets. The ZOIB model is therefore 
FQ, = 01%) =1-Cl@’x), yi 


I'(p + q(x;) fs 
f(y; |X) = C(a’x;)(1 — C(y’x;)) ey ‘d-y)"], y,€ OD, 


f(y; = 1 | x) = C(@’x,)C(y’x;), y,=1 
where q(x;) = pexp(—f’x;) and p is parameter of the beta function. We simultaneously estimate 


@, Ê, and 7 using maximum likelihood. The first two relate to the probability of acquiring any 


real assets and the proportion of total wealth allocated to real assets, respectively. The third is 


26 . . . . . . 
” Danish law requires residents to have a bank account, so a real asset share of one implies a zero or negative 


balance in in individual’ s bank accounts. This situation can be viewed as something of a special case, indicating 
that day to day expenditure is being financed by debt, to avoid reducing real asset holdings. 
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included for completeness, because a small number of participants have RA shares of one, but 
there is no prediction of a relationship between exhaustion of nominal assets and money illusion. 
Since the model is non-linear and our interest is in the overall effects on both acquisition and 


à S REE à $ 27 
the proportion given acquisition, we report combined average marginal effects. 


Table 3 shows that the estimated effects of money illusion are strong and very robust to 
inclusion of a host of variables (note the significant estimates in the first row across all specifi- 
cations). ” In particular, we find that going from an index value of 0 to 1 reduces the RA share 
by between 8.3 and 14.4 percentage points (16.4 to 28.4 percent of the population average). The 
robustness result is important because it suggests that the effect of money illusion is unlikely to 
be a confound. Most other determinants tend to lose significance as additional controls with 
which they are correlated are added. For example, a significant effect of income on the RA share 
is clearly to be expected, because real estate is a superior good. However, even income ceases 


to be significant in specification (5), where wealth is included.” 


Column (2) shows that the inclusion of cognitive and educational controls improves (re- 
duces AIC) the basic model in (1), but has little effect on the estimated effect of the MI index. 
A standard deviation increase in the MI index is associated with a reduction in the RA share of 
about 3.9 percentage points (7.7 percent of the population average RA share). The effect size of 
the MI index is comparable to a reduction in education of one standard deviation (2.9 years), 
which is associated with a reduction in the RA share of about 3.7 percentage points. It is about 
a third the size of the effect of a STEM education, which is associated with an increase in the 
RA share of about 11.3 percentage points (22.2 percent). However, a shift in the MI index from 
0 to 1 has an even larger effect than STEM education, with a reduction in the RA share of about 


14.2 percentage points (28 percent). 


Column (3) shows that both higher income and higher experienced inflation are associated 


with a higher RA share, which is in line with the partial correlations shown in Figure 6 (it is 


We decompose the overall marginal effects into the average marginal effects of the probability of staying out 
of real assets entirely and of how much to invest in real assets, given one invests at all, in Online Appendix B. 


OLS regressions provide similar but somewhat larger estimates (in line with Cook, Kieschnick, and 
McCullough 2008). For details, see Online Appendix B. 


Unsurprising exceptions are the number of children, total assets, and total liabilities. Having children tends to 
increase demand for housing, while housing purchases typically involve mortgage borrowing, thereby increas- 
ing assets and liabilities in tandem. 
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also in line with Calvet, Campbell and Sodini (2011), who find that wealth, income, and educa- 
tion are correlated with higher levels of stock market participation in Sweden). However, the 
effect of years of education ceases to be significant in column (3) and the effect of experienced 
inflation is not robust to the inclusion of sociodemographic and psychometric controls in col- 
umn (4). Of the correlates in column (3), the MI index, STEM education and income remain 
significant in column (4). In addition, various non-financial demographics are robustly associ- 
ated with the RA share, including the status of being self-employed, the number of children, 


and gender. 


Column (4) shows that a standard deviation increase in the MI index is associated with a 
decrease of about 2.7 percentage points (5.3 percent) in the RA share. This difference is just 
over a quarter as large as the increase of about 9.6 percentage points (18.9 percent) associated 
with a standard deviation increase in income. In money terms, it is equivalent to a drop in in- 
come of about kr. 52,000 (roughly $10,000 at the time), representing almost 20 percent of the 
average income for the population. A full shift in the MI index, from 0 to 1, has an effect of 
similar magnitude to a drop in income of more than kr. 188,000 (about $36,000), which exceeds 
70 percent of the average income. In terms of controls, self-employed participants have RA 
shares 21.3 percentage points (41.9 percent) higher than others (this contrasts with Calvet, 
Campbell, Sodini 2007 who find that Swedish entrepreneurs invest less in risky assets). Regard- 
ing children and gender, an additional child is associated with an increase in the RA share of 
about 6.6 percentage points (13.0 percent), and women tend to have RA shares about 6.4 per- 


centage points (12.6 percent) lower than men. 
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Table 3: Real Asset Share and Money Illusion (RA Share € [0, 1]) 


Dep. Var.: RA Share (1) (2) (3) (4) (5) 
Monsey Illusion Index —0.144*** —0.142***  —0.123** —0.097** —0.083** 
(0.047) (0.049) (0.048) (0.047) (0.036) 
IST-M Score —0.003 0.000 0.002 0.003 
(0.005) (0.005) (0.005) (0.003) 
High CR Score —0.015 —0.032 —0.040 —0.027 
(0.029) (0.029) (0.027) (0.021) 
Education (years) 0.013** 0.007 0.007 0.002 
(0.006) (0.006) (0.006) (0.005) 
STEM Education 0.113*** 0.103*** 0.074** 0.025 
(0.030) (0.030) (0.032) (0.028) 
Age 0.000 0.003 —0.001 
(0.001) (0.002) (0.001) 
Experienced Inflation 0.106** 0.029 0.031 
(0.047) (0.049) (0.037) 
Income (million kr.) 0.255*** 0.513*** 0.041 
(0.097) (0.131) (0.096) 
Retired 0.053 0.043 
(0.048) (0.039) 
Self-employed 0.213*** —0.016 
(0.043) (0.059) 
Children (number) 0.066*** 0.032*** 
(0.016) (0.012) 
Female —0.064** —0.031 
(0.030) (0.023) 
Assets (million kr.) 0.278 *** 
(0.021) 
Liabilities (million kr.) 0.106*** 
(0.022) 
Controls No No No Yes Yes 
Wald x? 2.91 9.89 19.76 41.34 111.33 
AIC 67.83 52.52 39.83 16.48 —323.40 
N 660 660 660 660 660 


Notes: The table shows average marginal effects for ZOIB regressions of the share of gross wealth held in real assets (RA). 
Students and participants without any assets are excluded. Money Illusion Index is a measure of money illusion between —1 
and 1. IST-M Score is a measure of fluid intelligence between 0 and 20 (Liepmann et al. 2001). High CRT Score is a dummy 
set to 1 for participants who correctly answered at least 2 of 3 cognitive reflection test questions (Frederick 2005). Age is in 
years at the time of the study, with linear and quadratic terms. Education is the standard number of years required to complete 
an individual’s education. STEM Education is a dummy set to 1 if the participant completed an education in science, tech- 
nology, engineering, or mathematics, based on ISCED-2011 classifications. Experienced Inflation is the average inflation 
rate over the participant’s life. Income includes gross wages, pensions, and benefits. Assets is gross assets, excluding pension 
wealth. Liabilities is total liabilities. Financial variables are in millions of Danish crowns (kr.), with linear and quadratic 
terms. Retired, Self-Employed, and Female are dummies, while Children is the number of children. Controls include dum- 
mies for partnered, married, occupational skill level, and public sector employment, together with incentivized measures to 
control for risk and loss aversion (Tanaka, Camerer, and Nguyen 2010) and the Big 5 personality test (Costa and McCrae 
1992). Significance at 10% is denoted by *, at 5% by **, and at 1% by ***. 
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The much higher average RA share for self-employed individuals is driven by substan- 
tially higher gross assets, and in particular gross real estate assets. Self-employed individuals in 
the population have, on average, total gross assets of about kr. 5.2 million (about $1 million at 
the time), of which about 4.5 million ($865 thousand) is real estate, with a participation rate of 
78 percent. For the non-self-employed, total gross assets are kr. 907 thousand (about $175 thou- 
sand), with real estate assets of kr. 694 thousand (about $133 thousand) and a participation rate 
of 54 percent.” Interestingly, however, there is no evidence of lower money illusion among the 


self-employed.” 


The gender difference also seems to be driven by higher overall wealth for men, and in 
particular higher real estate wealth, with higher real estate market participation. Average total 
gross assets are about kr. 1.4 million (about $269 thousand) for men, of which 1.2 million ($231 
thousand) are in real estate, versus kr. 797 thousand ($153 thousand) and kr. 586 thousand ($112 
thousand), respectively, for women. Real estate market participation rates also differ signifi- 
cantly, with about 63 percent of men participating, versus only 49 percent of women.” For cou- 
ples with jointly owned assets, the value is divided equally between each partner in the register 
data. The low female participation rate is therefore likely to be driven by relatively low partici- 


pation by single women, as compared with single men. 


The positive relationship between the RA share and the number of children is also driven 
by real estate, and consistent with an intuitive explanation. Families with more children have 


more demand for housing services, and the number of children is positively correlated, based 


The self-employed differences in total gross assets, real estate assets, and real estate market participation are 
all highly significant. Results of two-sided t-tests with unequal variance for total gross assets and real estate 
assets are (t = —12.5, p = 0.000) and (t = —12.0, p = 0.000), respectively. For real estate market participa- 
tion, the result of a z-test is (z = —9.9, p = 0.000). 


Average MI index values are 0.264 for the 35 self-employed participants and 0.253 for the 628 others (including 
3 without assets who are excluded from the RA share regressions). The difference is not significant according 
to a two-sided t-test assuming equal variance (t = —0.2, p = 0.822). This finding supports Haigh and List 
(2005), who find that professional traders are not less prone to myopic loss aversion (in fact, they are signifi- 
cantly more prone to it than students). 


The gender differences in total gross assets, real estate assets, and real estate market participation are all highly 
significant. Results of two-sided t-tests with unequal variance for total gross assets and real estate assets are 
(t = 12.1, p = 0.000) and (t = 17.5, p = 0.000), respectively. For real estate market participation, the result of 
a z-test is (z = 28.6, p = 0.000). 
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on Spearman rank correlations, with total assets and real estate assets, and with real estate mar- 
ket participation, but negatively correlated with the value of gross assets in all asset classes 


other than real estate. 


Column (5) includes gross assets and liabilities. We find that both of these are highly 
significant, but most of the explanatory variables in (4) cease to be significantly correlated with 
the RA share. The exceptions are the MI index and the number of children. Endogeneity issues 
make interpretation difficult, because the portfolio structure impacts the development of total 
assets and liabilities over time. It is nevertheless striking that the effect of the MI index remains 


significant, and that the effect size is not substantially smaller than in column (4). 


3.5 The Cost of Money Illusion 


We have shown above that money illusion biases household investment away from nominally 
risky (i.e. real) assets. We now show that this bias is costly. We find that those prone to money 
illusion have lower expected returns on their investment. The reason is essentially because real 
assets have higher (real) returns than nominal assets. Remarkably, we also find that median net 
worth, i.e. gross assets minus liabilities, is more than 50 percent higher in the low-MI group 


than in the high-MI group. 


To approximate the cost of money illusion for investors, we consider the relationship be- 
tween the MI index and estimated gross portfolio returns. We estimate portfolio returns by mul- 
tiplying historical year-on-year arithmetic average returns for each asset class by the respective 
asset shares for each participant, giving an estimated average annual portfolio return r; for par- 
ticipant i (see Online Appendix E for further details) We regress this return on the explanatory 
variables we used in the ZOIB regressions in Section 3.4. In this case, however, we can use 
OLS with the continuously compounding rate log(1 + r;) as the dependent variable. Our esti- 
mated portfolio return is clearly a rough measure, resting on the assumptions that all asset re- 
turns equal averages for the respective classes, and that an individual’s asset allocation choices 
remain fixed over time. Nevertheless, it does provide insight into the magnitude of the financial 


costs arising from proneness to money illusion. 


We compute year-on-year returns for each asset class using quarterly data from the period 
1992Q1 to 2016Q1, for which data on all asset classes are generally available. The nominal 


returns are deflated using the Danish CPI. For stocks and bonds, we use the total return indices 
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for the OMX Copenhagen All-Share Index and 10-year Danish government bonds, respectively. 
To approximate returns on bank deposits, we use the rate of return on Danish central bank 
certificates of deposits (total return indices for Danish CDs, stocks, and government bonds are 
taken from Global Financial Data 2016a; 2016b; 2016c). By and large, these rates should be 
similar to those offered by savings accounts, but higher than those offered by certain other ac- 
counts (such as checking accounts). For real estate, we use sale price indices from the Associ- 
ation of Danish Mortgage Banks (Realkreditradet 2016). The data include sale prices for single 
family homes, condominiums, and vacation homes, measured in Danish crowns per square me- 
ter. We combine these prices into an average, weighted by the total value of real estate in each 
category at the time of the study, compute the rates of change and add the value of imputed 


rent.” 


We have seen in figure 6 that the difference in RA shares between the low- and high-MI 
groups is about 10 percentage points, with those prone to money illusion investing more in bank 
deposits and less in real estate. This tendency leads to lower returns for people who are prone 
to money illusion because real estate has tended to offer considerably higher returns than bank 
deposits in Denmark. For the low-MI group, the average 10-year portfolio return is 83.5 percent, 
versus 73.3 percent for the high-MI group, suggesting a cost of about 10 percentage points from 
money illusion. We also find that the 10-year return on the low-MI portfolio is higher for every 


quarter in the data but three. 


Table 4 shows the results of regressing the individual portfolio returns on the MI index 
and other potentially relevant correlates. The correlation between the MI index and portfolio 
returns is statistically significant in all of the specifications in the table, though only marginally 
so in specification (4), and is economically large. In specification (1), a standard deviation in- 
crease in money illusion is associated with a decline in the continuous annual rate of about 0.3 


percentage points. 


Weighting is based on aggregate household wealth data from Statistics Denmark (2016a). The value of imputed 
rent through 2014 is from Statistics Denmark (2016b) and we use the conservative 4 percent rule (see Quitzau 
2014) as an approximation for 2015 and 2016. For details, see Online Appendix E. 


The dependent variable is 100 log(1 + r;), where r; is the simple annual rate of return. With a 5 percent year- 
on-year return, for example, r; = 0.05 and 100 log(1 + r;) ~ 4.879. 
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Table 4: Annual Average Real Portfolio Return 


Dep. Var.: 100 log(1 + r,) (1) (2) (3) (4) (5) 
Money Illusion Index —1.109*** = —1.089*** = —0.933** = —0.776* —0.781** 
(0.388) (0.402) (0.406) (0.402) (0.356) 
Education (years) 0.113** 0.067 0.089* 0.068 
(0.049) (0.052) (0.054) (0.051) 
STEM Education 0.865*** 0.800*** = 0.543** 0.375 
(0.213) (0.214) (0.234) (0.228) 
Experienced Inflation 1.138*** 0.478 0.373 
(0.358) (0.391) (0.358) 
Income (million kr.) 2.823* 5.912*** 4.403* 
(1.499) (2.163) (2.423) 
Income? —1.197 —4,095**  —4.067* 
(1.453) (1.884) (2.420) 
Retired 0.284 0.354 
(0.457) (0.423) 
Self-employed 1.302** 0.209 
(0.563) (0.641) 
Children (number) 0.455*** 0.427*** 
(0.125) (0.115) 
Female —0.448* —0.263 
(0.239) (0.213) 
Assets (million kr.) 0.888 *** 
(0.149) 
Assets” —0.054*## 
(0.016) 
Liabilities (million kr.) 0.561*** 
(0.172) 
Liabilities” —0.030*** 
(0.011) 
Constant 6.382*** 4.964 *** 1.712 1.552 1.602 
(0.138) (0.731) (1.655) (2.184) (2.063) 
Cognitive Controls No Yes Yes Yes Yes 
Age and Controls No No No Yes Yes 
R? 0.013 0.045 0.092 0.201 0.328 
AIC 3184.9 3171.2 3150.9 3098.9 2992.6 
N 660 660 660 660 660 


Notes: The table shows coefficients from OLS regressions. Students and people without assets are excluded. Money Illusion 
Index is a measure of money illusion between —1 and 1. Education is the standard number of years required to complete a 
participant’s level of education. STEM Education is a dummy indicating completion of an education in science, technology, 
engineering, or mathematics, based on ISCED-2011 classifications. Experienced Inflation is the average inflation rate over 
the participant’s life. Income is gross wages, pensions, and benefits. Assets is gross assets, excluding pension wealth. Lia- 
bilities is total liabilities. Financial variables are in millions of Danish crowns. Retired, Self-Employed, and Female are 
dummies. Children is the number of children. Cognitive Controls include the IST-M measure of fluid intelligence (Liepmann 
et al. 2001) and a dummy for high (two or more correct answers) cognitive reflection (Frederick 2005). Age is in years, with 
linear and quadratic terms, and Controls include dummies for partnered, married, occupational skill level, and public sector 
employment, plus incentivized measures to control for risk and loss aversion (Tanaka, Camerer, and Nguyen 2010) and the 
Big 5 personality test (Costa and McCrae 1992). Significance at 10% is denoted by *, at 5% by **, and at 1% by ***, using 
robust standard errors. 
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As can be seen in specifications (2) through (5), the effect of the MI index is larger and 
generally more significant than STEM education, and similar to about three or four additional 
years of education. The MI index is also one of the few correlates that is robust to the inclusion 
of total assets and liabilities in specification (5). Overall, the difference in continuously com- 
pounded rates of return between an individual with an index of zero (no money illusion) and an 
index of one ranges from 1.1 percentage points with no controls, to a 0.8 percentage points 
when controlling for an extensive set of financial and socioeconomic characteristics, a differ- 


ence that is both statistically and economically significant. 


Given the above differences in estimated portfolio returns, it seems plausible that individ- 
uals who are less prone to money illusion should be richer.” We find that this is indeed the case. 
Again using a median split based on the money illusion index, we find that the median net worth 
(gross assets minus liabilities) in the low-MI group is 61.8 percent higher than in the high-MI 
group, and this difference is statistically significant.” Data protection policies preclude the re- 
porting of precise median values, but we can report that the median net worth in the low-MI 
group is in the low kr. 300 thousands (low $60 thousands at the time), while median net worth 
in the high-MI group is below kr. 200 thousand (about $38 thousand). Needless to say, this 
comparison of medians lacks controls, but it is consistent with the predictions of our money 
illusion hypothesis and, in conjunction with our other results, in particular the estimated port- 


folio returns, is suggestive of a possible causal relationship. 


4 Concluding Remarks 


We combine an individual-level measure of money illusion elicited in a survey with high-quality 
register data for a broad, heterogeneous sample, and show that people who are more prone to 
money illusion tend hold more of their gross wealth in nominal assets such as bank deposits, 
and less in real assets such as real estate. In addition, we show that this behavior is costly. As a 
result of a bias towards nominal assets, people who are more prone to money illusion earn sub- 


stantially lower rates of return and have significantly lower median net worth. Taking advantage 


Precisely how much richer is unclear, because higher wealth and expected wealth may influence saving and 
consumption rates. 


A nonparametric Wilcoxon Mann-Whitney U-test reports a significant difference in net worth between the low- 
and high-MI groups, with p = 0.034. 
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of arich data set including register data and psychometrics, we are able to show that our measure 
of money illusion is not simply a proxy for education, cognitive ability, income, inflation expe- 
rience, or indeed wealth. Taken together, our result suggests that money illusion plays an im- 
portant role in household investment decisions. Indeed, the large effects observed in our results 
may be something of a lower bound, given that our sample tends to be somewhat richer and 


more educated than the population as a whole. 


Our findings are in line with Thaler et al. (1997). In a lab experiment with students, they 
find that when inflation hides real losses, it reduces the effect of loss aversion on portfolio allo- 
cation choices. While Thaler et al. are careful to avoid extrapolating from the behavior of stu- 
dents in experiments where stakes are low to that of investors in high stakes situations, we ex- 
plicitly explore this issue by using a sample of people from all walks of life. We find that stu- 
dents are in fact significantly less prone to money illusion (i.e. more in line with the standard 
model) than non-students. This finding echoes Haigh and List (2005), who show that students 
in the lab tend to behave more like the rational agents of standard theory than do experienced 
individuals outside the lab. Our main finding is that real world portfolio choices are consistent 
with bias resulting from money illusion, based on our measure and controlling for relevant char- 
acteristics. Given the strong predictive power of our measure, this finding underscores the value 


to economists of unincentivized measures such as financial literacy tests. 


The use of non-incentivized measures remains controversial in experimental economics 
(see Dhami 2016, chap. 1), yet the use of survey data is a mainstay of empirical economics. We 
counter objections to survey questions by arguing that the value of any measure, whether incen- 
tivized or not, is ultimately its ability to explain real world outcomes in the manner predicted 
by theory. Our data set provides a rare opportunity to test for this ability with a high degree of 
accuracy, because the financial data and demographic controls with which we match our meas- 
ure of money illusion are not self-reported. They are rather taken from official registers and 
matched on an individual level with our measure of money illusion. We can therefore preclude 
confounds stemming from, for example, correlation between errors in our measure and errors 
in self-reported data. In addition, participation was completely anonymous to us (including pay- 
ment) and participants were not told that we would have access to their register data, minimizing 


the risk of Hawthorne effects. 


Our findings are also in line with the results of Andersen and Nielsen (2011), and Briggs 


et al. (2015), who find that the increase in stock market participation is strikingly low after 
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unexpected positive shocks to wealth, in the first case due to an unexpected inheritance in Den- 
mark, in the second due to winning the lottery in Sweden. Briggs et al. conclude that “our results 
suggest that cognitive constraints or “nonstandard” beliefs and preferences are likely to play an 
important role in explaining the behavior of nonparticipating households,” and Andersen and 
Nielsen conclude (2011, p. 1670) that the “vast majority of individuals do not respond to sig- 
nificant windfall wealth. For those individuals, other barriers, such as behavioral, cognitive, and 


psychological constraints, are likely to dominate.” 


While previous studies have pointed to the relevance of cognitive ability in the guise of 
general intelligence (Grinblatt, Keloharju, and Linnainmaa 2011), general financial literacy 
(e.g. van Rooij, Lusardi and Alessie 2011) and numeracy (e.g. Gerardi, Goette, and Meier 2013) 
as determinants of stock market participation and financial decisions more generally, our results 
suggest that money illusion is a specific and additional “cognitive constraint” to be taken into 


account in household finance. 
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